This paper analyzes the intertemporal smoothing role of saving components (…xed investments, inventories, and trade balance) in a structural VAR through the impulse response functions following di¤erent types of shocks for the OECD countries. We …nd that the bulk of intertemporal smoothing has been carried out domestically, through gross …xed investments and especially inventories, whereas the trade balance, though volatile, has played a much less relevant smoothing role. Since our framework can accommodate various models of the current account, we can address some empirical puzzles, such as the "excess sensitivity of investment" anomaly (Glick and Rogo¤, JME 1995) and the Feldstein-Horioka (EJ 1980) puzzle.
Introduction
Modern open economy macroeconomics is based on intertemporal optimization, and in particular on the consumption smoothing condition imposed by the Euler equation. Yet not many empirical models in the …eld focus on the properties of consumption smoothing. This paper aims to set up a framework that uni…es the analysis of di¤erent strands of the empirical open economy literature from the viewpoint of consumption smoothing channels. Following the most recent empirical literature on consumption smoothing channels (Asdrubali and Kim 2002, Becker and Ho¤mann 2002, Gardini, Cavaliere and Fanelli 2001), we impose minimal identifying restrictions to national accounts identities, and estimate smoothing channels through a structural VAR's impulse responses. Thus we can generalize the RBC-type models á la Baxter and Crucini (1995) and Baxter (1995) by estimating the intertemporal smoothing properties of asset markets. We can generalize the intertemporal approach to the current account (e.g., Obstfeld and Rogo¤ 1996) by recasting it in terms of consumption smoothing channels, and estimating the smoothing e¤ects not only of the current account (or trade balance), but also of other savings components (such as inventory investments). Our econometric setup can also encompass the Feldstein and Horioka (1980) estimations, and assess, for example, whether the dynamic response of saving, investment, and the trade balance depends on the source or type of structural shock hitting the economy.
The ‡exibility of the basic identity decomposition also allows the setup to "branch out" into …ner and …ner disaggregations, while maintaining internal consistency. Thus, after decomposing the consumption smoothing contribution of gross national savings into …xed investments, inventories, and trade balance, we can further break down these latter variables into …ner smoothing channelsfor example, gross …xed investments can be traced back to the contributions of depreciation and net …xed investments.
Besides contributing methodologically to the consumption smoothing literature -intended in the above-mentioned broader sense -through a deeper look into the factors of smoothing and their dynamics, this paper's application to the OECD countries improves upon the existing consumption smoothing channels literature by using quarterly data. This allows to assess …ner dynamic properties of smoothing channels at business cycle frequency, providing a better connection to business cycle studies; but it also allows us to explore the evolution of consumption smoothing channels in the 90s -in fact, through the year 2001 -without incurring in the e¢ciency loss inherent in a yearly estimation. 1 The analysis proceeds as follows. Section 2 develops the econometric method for consumption smoothing channels' decomposition. Section 3 presents some theoretical models on saving components. Section 4 illustrates the data. Section 5 documents the empirical results based on the impulse responses of various smoothing channels to structural shocks of various source. Section 6 concludes with the summary of results.
Econometric Model
Considering country-speci…c variables -that is, variables expressed in deviation from their aggregate -and de…ning private income Z + Y ¡ G, the national accounts identity for an open economy can be written:
where Y is Gross Domestic Income, C is private consumption and G government consumption expenditures; S is Gross Domestic Saving, composed of Household Saving (S 
where I f are Gross Fixed Investments, I
s stands for the change in Stock Investment, and T B, the trade balance, is de…ned as the di¤erence between exports (EX) and imports (IM ).
We can plug (2.2) into (2.1) and manipulate it by taking …rst di¤erences and dividing through by ¢Z, to obtain:
or, with obvious de…nitions:¯F
The marginal propensities on the LHS can be interpreted as the (countryspeci…c) responses of …xed and inventory investment, net exports and consumption 1 The structural break caused by the German reuni…cation restricts annual empirical estimations to the subperiod 1990-2001. to a change in (country-speci…c) net output. The interest of (2.3) lies in the exact decomposition of responses to output changes: the change in Z that is not re ‡ected in consumption must be absorbed by the saving components. It is already obvious how the model so far can be related to consumption theory in an open economy; however, we will detail the connection to speci…c theoretical models in the next section.
Recalling that we measure variables in deviation from aggregate, the fractions could be estimated as the slope coe¢cients in the panel regressions
A speci…cation like (2.5), (2.6), (2.7), (2.8), even when estimated through a SUR system (as in Sørensen and Yosha, 1998 ) su¤ers from at least three shortcomings: a) it does not control for the endogeneity of income; b) it cannot distinguish di¤erent kinds of shocks; and c) it completely ignores dynamics. To implement a metric for intertemporal smoothing, we devised a method of estimating thec oe¢cients more precisely than with unrelated static simple regressions. To that purpose, we adopt the following structural VAR model. The preliminary data analysis favor the unit root in each variable (except for the …xed investment) but reject the unit root in the di¤erence of each varaible. In addition, the preliminary data analysis favor no cointegration among variables. Therefore, we construct a VAR model in the di¤erenced form of each variable.
Note that the structural VAR has a recursive structure: ¢Z shows the e¤ect of k-th shock in the system on the j-th variable in the system at lth period after the shock. From the impulse responses to shocks to private output, " i Z;t , we can infer the intertemporal smoothing role of savings components. Note that we can apply the decomposition of equation (2.3) to the responses to shocks to private income since such shocks would generate exogenous changes in private income in our VAR model; the VAR structure ensures that impact changes in private income are actually due only to income shocks, rather than, say, to lagged investment changes.
The relative responses of ¢I f , ¢I s , ¢T B and ¢C to ¢Z would show how saving components stabilize income in response to shocks to output. For each time horizon l, we apply the decomposition in the following way.
and¯l C can be interpreted as the fraction of private income changes absorbed by gross …xed investment, inventories, trade balance and consumption respectively, l-th period after the shock to income. Hence our model introduces the dynamics of shock propagation which -as our results will show -is quite relevant in assessing theoretical predictions. However, our model also allows to study the responses to shocks di¤erent from output disturbances, and analyze therefore the causal interrelations that theoretical models do not fully address.
Economic Models
In this section, we present theroetical models and discuss some past studies on the issue. We present some theoretical models for two purposes. First, we intend to justify the minimal identifying restrictions imposed in the empirical model discussed in section 2. Second, we present the models to discuss whether our empirical results are consistent with theoretical predictions.
Intertemporal Model
We present a small open production economy with perfect capital mobility. The permanent income hypothesis suggests that changes in consumption in a small open production economy follow the innovations in expected permanent net income. That is,
where
For any variable X t , we can decompose the current change, ¢X t , into the innovation in the expected permanent value of X t , ¢ f X t and the rest, ¢X T t , which can be interpreted as the temporary component. That is,
Using (3.2) into (3.1):
By using the de…nition of saving (S t + Z t ¡ C t ),
and recalling that in an open economy with investment
we derive
Assume a production function of Y t = A t F (K t ) where A t is the productivity parameter and K t is capital stock. In a small open production economy, investment is determined by the condition:
which -neglecting as a …rst approximation the covariance term -in …rst di¤er-ence becomes
The dynamics implied by (3.3), (3.6), and (3.8) depend on the nature of productivity shocks. An unanticipated persistent or permanent positive shock to A t+1 induces an immediate increase in Z t+1 -due to the production function -followed by a rise in I t+1 -in order to satisfy (3.8); both increases will be persistent or permanent, respectively. Consumption will change one-to-one with respect to the change in permanent output, ¢ e Z t+1 ¡ ¢ e I t+1 , which is a component of the current output change, ¢Z t+1 ¡ ¢I t+1 . The change in the trade balance will be perfectly complementary to that in consumption, depending only on the temporary component of the current output change, ¢Z T t+1 ¡ ¢I T t+1 . 4 The more persistent the productivity shocks are, the larger the permanent component of output and the smaller the temporary component of output. Therefore, the more persistent the productivity shocks, the larger the consumption response, and the more negative the trade balance response. 5 The chain of responses from net output to investment to the trade balance to consumption can obviously be analyzed through the econometric model developed in section 2, where the impact on the economy of the (productivity) shock to ¢Z t is measured through the absorption of …xed and inventory investment, and of the trade balance; its …nal impact on consumption is then assessed. A purely temporary (one-period) shock to A t+1 , instead, only exerts its e¤ects on output, not on investment. As a consequence, the trade balance must necessarily rise, while consumption stays put.
However, the theoretical model above generates di¤erent dynamics when the future productivity shock is anticipated. When the shock to future productivity (A t+s where s > 0) is known at time t, investment would respond from time t but output would respond only in the future when the new capital accumulated is feasible for production or when the anticipated productivity increase materializes.
In this case, the chain of responses is di¤erent. Such a chain of reaction cannot be analyzed by examining the shocks to ¢Z t , but may be studied by tracking the shocks to ¢I t , which a¤ect all variables contemporaneously, and ¢Z t one period later.
The complexity of these dynamic responses de…es static analyses, such as the seminal work by Glick and Rogo¤ (1995) , which determines I and T B (actually, the current account) jointly. Such procedure, while capturing the accumulation role of investment, cannot accommodate its smoothing dynamics. Our model, instead, can analyze, in the same framework that assesses the e¤ects of productivity shocks, also the e¤ects of changes in investment orthogonal to output changes.
Real Business Cycle Model
To make the test comparable with that of the intertemporal approach, we will adopt the main features of a so called small open economy model, in the line of the International Real Business Cycle literature. Indeed, it assumes a bondsonly economy, and a constant world interest rate. In so doing, there is not a substantial di¤erence with the intertemporal approach, if one restricts attention to a production function without labor input and capital adjustment costs.
A detailed test of such a model, however, can only be carried out by comparing results, not theoretical models, because this literature tends to privilege calibration solutions to analytical derivations.
Feldstein-Horioka Puzzle
One of the most famous puzzles in international economics is the empirical result -pioneered by Feldstein and Horioka (1980) and con…rmed in many other papers -that saving and investment are highly correlated in cross sections of industrialized countries. Although this correlation appears to have decreased over time, it still de…es intertemporal models based on the cushioning role of the current account in open economies. In addition, the scarce changes recorded in current accounts could signal a very low international mobility of capital. Many possible explanations have been provided for the puzzle. One of the most popular answers relies on the endogeneity of both savings and investment, which suggests that a common cause, such as a persistent productivity increase may induce a change in both variables in the same direction (e.g., Mendoza, 1991, Baxter and Crucini, 1993, and Glick and Rogo¤, 1995). Our model can represent a test of such an explanation, because it allows all the relevant variables to be either the source of shocks or the response to shocks.
Past Empirical Studies
The econometric model we have set up, and particularly the VAR speci…cation in (2.9), generalizes and deepens several models, both in the smoothing channel and in the intertemporal current account literature. As for the former, our framework draws inspiration from Asdrubali and Kim (2002) , who assess the overall degree of intertemporal smoothing among US states and OECD countries; the models in Sørensen and Yosha (1998) and Mélitz and Zumer (1999) are instead an unconditional static version of (2.5), (2.6), (2.7), and (2. 
The Data
Our estimations are performed on a dataset generated almost completely from OECD data. The series, relative to 19 OECD members (20 if counting uni…ed Germany as a distinct country), come mostly from OECD's Quarterly National Accounts, release of March 2002, plus (average) quarterly exchange rates from "Main Economic Indicators" and (disaggregated) purchasing power parities and population series from "Economic Outlook n. 70" and, in one case (UK 1955 (UK -1959 , from the IMF country reports.
The dataset contains Quarterly National Accounts data, but for each country it includes the longest and most complete series, regardless of the accounting format. In addition, a few missing data are …lled in by (appropriately rescaled) observations drawn from other accounting formats within the QNA series of the country; the rest of missing observations come from other sources, as follows: USA, Australia, and Japan population data before 1960 is from IFS; Japan, UK, Australia exchange rate data before 1960 is from IFS.
Results
Figure 1 reports impulse responses with two standard error bands (at 95% probability) over 7 quarters in the structural VAR system. Each column shows the impulse responses of all interested variables to each structural shock. The name of each structural shock is noted at the top of each column while the names of the responding variables are noted at the far left of each row. "dZ" "dIf," "dIs," "dTB," and "dC" represent ¢Z t , ¢I f t , ¢I s t , ¢T B t , and ¢C t , respectively. Therefore, they depict the changes in private income, smoothing by Gross Fixed Investment, by Inventories, by depreciation, by the trade balance, and the unsmoothed part (or changes in consumption).
Responses to income shocks
We start by examining the e¤ects of income shocks (in the …rst column in Figure  1 ). To discuss the exact numbers, we report the responses in Table 1 where we normalize the size of the shocks so that the sum of total (cumulative) changes in income over time is 100. We also report standard errors in parentheses. In Table  2 , we report cumulative impulse responses in order to examine the cumulative role of each risksharing channel over time. Finally, Table 3 reports cumulative impulse in income is 26.4% of the long run income increase, and reaches to 56 % in 10 quarters and 95% in 50 quarters. Hence, quarterly private output in our sample is clearly integrated, and shows a positive autocorrelation even in …rst di¤erences.
The …rst smoothing channel is Gross Fixed investment (I f ). It smooths income shocks substantially, and persistently. On impact, it smoothes 19.6 % of impact changes in income (5.2% of the long run changes in income). In the long run, 21.9% of the long run change in income. Although depreciation cannot be ruled out as responsible for the positive smoothing e¤ect, this is not surprising, given the procyclical nature of …xed investment expenditures. In fact, the behavior of gross …xed investment is consistent with the prediction of an intertemporal model, in the presence of a permanent productivity shock.
Inventory investment has never been analyzed as a consumption smoothing channel, although the literature agrees on the bu¤ering nature of capital stock changes on the part of …rms in response to ‡uctuations in demand. Its short run smoothing capacity is in fact remarkable: 51.1% of the impact income change (13.5% of the LR income change) is absorbed on impact. However, such bu¤ering action is very short-lived: in the next period, a negative response is found (8.4% of the long run income changes is dismoothed in the next period). In the long run, only 3.4% of the long run income changes is smoothed by inventory changes.
The third component of saving we analyze is the trade balance. Its smoothing role is moderate. For the …rst two quarters, 9.4% of the current income change (2.5% of the long run income change) on impact, and 20.2% of the income change up to the …rst quarter. However, the trade balance dis-smooths income shocks from the second quarter, leading to overall negative smoothing for the third to the …fth quarters. In the long run, the trade balance smoothes only 3.3% of long run income changes. This behavior of the trade balance represents a problem for intertemporal theories of the current account if income shocks are interpreted as unanticipated permanent productivity shocks (note that the permanent increasese in output and investment are consistent with such a conjecture). In fact, in the presence of a positive, autocorrelated shock in the di¤erences of private output, the trade balance should optimally go into a persistent de…cit, in the expectation of future output level increases. Since the trade balance does reach into de…cit during the second quarter, it is possible that this component of savings responds with a lag to changes in income. Interestingly, in the second period the optimal behavior of the trade balance is o¤set by the "perverse" dynamics of inventories.
The last row of the …rst column shows that on impact, only 19.9% of the current income change (or 5.3% of the long run income change) is unsmoothed, and is therefore borne by consumption changes. Intertemporal theory instead would predict that on impact consumption should rise by more than income net of investments changes; more precisely, by 29.3% of the impact income change (¢Z t ¡ ¢I t = 100:0 ¡ 19:6 ¡ 51:1 = 29:3), and by 7.7% of the long run income change (¢Z t ¡ ¢I t = 26:4 ¡ 5:2 ¡ 13:5 = 7:7) because income net of investments further increases in the next periods. In the long run, 71.3% of the long run income change is unsmoothed.
The overall responses to a private output shock con…rm the "excess sensitivity of investment" puzzle (the investment changes are larger than the trade balance changes in the presence of permanent productivity shocks, contrary to theoretical prediction) documented by Glick and Rogo¤ (1995) , which appears to take place mostly on impact. The perverse e¤ect of such a puzzle, however, is not on investment, but rather on the trade balance. That is, investment responses are consistent with the prediction of the theory but trade balance responses are inconsistent with the theory, which is in turn linked to the problematic consumption behavior. Hence it would seem more correct to label it the "excess smoothness of trade balance" puzzle, in parallel to Deaton's paradox of excess smoothness of consumption in a closed economy.
The puzzle remains also when analyzing the shock propagation from the point of view of real business cycle models, as described in section 3.2. The production small economy models in Baxter and Crucini (1995) and Baxter (1995) , for instance, predict that the impact (idiosyncratic) consumption response to an integrated productivity shock should be larger than the impact (idiosyncratic) output response (p. 838 in Baxter and Crucini, 1995 , and p. 1823 , 1827 , 1831 in Baxter, 1995 .
Finally, in response to income shocks, both investment and saving increase on impact (saving responses can be inferred by subtracting consumption changes from income changes); this generates a positive correlation between investment and saving, which may lie at the basis of the Feldstein and Horioka (1980) puzzle, as suggested by some studies such as Mendoza (1991) and Baxter and Crucini (1993).
Responses to shocks to smoothing channels
We now examine the impulse responses of shocks to each smoothing channel (in the second, third, and fourth columns in Figure 1 ). In response to gross …xed investment shocks, output increases for the next period, inventories oscillates, the trade balance worsens for about a year, and consumption increases. Note that an increase in investment is o¤set substantially by the trade balance movements (and lagged output increase), so that consumption does not change much. As discussed in Section 2, the investment shocks may be motivated by expectations of future changes in productivity. Output and investment responses are in general consistent with such interpretations: investment increases now and output increases in the future. In this case, intertemporal models predict that 1) investment would increase on impact, to exploit future increases in productivity 2) saving would fall on impact since output would not change on impact (due to time-to-build) and consumption would increase (due to a higher expected future income) 3) the current account (or the trade balance) worsens on impact since saving would fall and investment would increase. The impulse responses in our model match such predictions; consumption increases on impact and the trade balance worsens today.
Next, shocks to inventories do not change other variables much except for the trade balance. An increase in the inventories is almost fully o¤set by a decline in the trade balance, which implies that other variables do not change much.
A shock to the trade balance decreases consumption and output substantially. A shock to trade balance can be interpreted as a consumption or preference disturbance relative to abroad, since a trade balance shock given income and investment is equivalent to a shock to consumption given income and investment. A substantial decline in investment and output after such shocks is interesting; many past studies on consumption smoothing treat output as exogenous and assume that consumption shocks do not a¤ect output, but this result clearly shows that output is endogenous to consumption shocks.
Finally, we discuss some further consequences of the Feldstein-Horioka puzzle, which suggest that empirically investment is …nanced mostly by domestic saving, contrary to the implications of models of small open economies under perfect capital mobility. Interesting in this regard are the responses to investment shocks. In response to inventory changes, the trade balance decreases sharply, which implies that inventory shocks are almost fully …nanced by international lending and borrowing, not by domestic saving. The same observation can be made for gross …xed investment changes. We also observe a similar pattern for the shocks to trade balance (for the second period and after). On the other hand, we do not …nd such a pattern for the responses to income shocks. Therefore, in our sample the Feldstein-Horioka puzzle seems to be due to unpredicatable productivity shocks a¤ecting savings and investment in the same direction contemporaneously.
Conclusions
We have examined the way shocks of di¤erent nature propagate and are absorbed through various smoothing channels in OECD economies. A structural VAR appeared as the natural econometric methodology to address that issue, since VARs focus precisely on shock identi…cation and propagation. In the period 1982-2000, shocks to private income are permanent, with a positive autocorrelation in …rst di¤erences. Remarkably, 80% of these shocks are cushioned on impact, by inventories (50%), gross …xed investment (20%), and the trade balance (10%). In the long run, the smoothing e¤ect of gross …xed investment becomes preponderant (22%) with respect to inventories and the trade balance (both scarcely signi…cant around 3.4%). Thus, while investments are typically modelled as engines of capital accumulation and growth, they obviously play also a relevant intertemporal smoothing role, which has been largely neglected by the literature.
Our model, however, allows to analyze also the e¤ects of investment changes orthogonal to private income changes. Shocks to gross …xed investment and inventories are mostly o¤set by a change in the trade balance, suggesting that investment changes, far from drawing on domestic savings, tend to be …nanced through international borrowing. Furthermore, an analysis of the changes in the trade balance can shed light on the economy's response to preference or consumption shocks relative to abroad. Such a shock induces a substantial decline in investment and output, contrary to standard assumptions of endogeneity of consumption and exogeneity of output in past studies.
Our results are generally consistent with the implications of the intertemporal approach to the current account; following an increase in the future expected productivity change, investment increases, saving falls, and thus the trade balance worsens, as predicted by the theory. However, our impulse responses also reveal well-known puzzles. Following an unanticipated permanent private income shock, the trade balance increases initially instead of falling, and by an amount smaller than the investment change (the "excess sensitivity of investment" puzzle). We document how the problem -which should be more appropriately labelled the "excess trade balance smoothing" puzzle, does not revolve around investment (whose behavior is consistent with the theory) but rather lies in the lagged consumption reaction to net income changes; in other words, it is an expression of the Deaton's paradox of excess smoothness of consumption of an unanticipated permanent income shock.
Our analysis of trade balance shocks con…rms previous evidence on the role of preference (consumption) shocks in the estimation of smoothing (Stockman and Tesar 1995, Asdrubali and Kim 2002) . The impact of such exogenous shocks on investment and private income on one hand lends support to a non-negligible role of demand changes in the determination of equilibrium income; on the other hand, it endorses the appropriateness of the adoption of an econometric methodology, like structural VARs, which can control for endogenous feedbacks of variables.
